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(57) ABSTRACT 

A system and a process for producing and supplying clean 
dry air capable of producing and supplying clean dry air 
more inexpensively and using a smaller production plant and 
also recycling effectively the clean dry air. The system is 
provided With a clean room containing a transportation 
system having a storage, a conveyor, etc., and an equipment; 
a supply passage for supplying the clean dry air to the 
transportation system and/or the equipment; and a recycling 
passage for recycling a used clean dry air used in the 
transportation system and/or the equipment and exhausted 
therefrom to the transportation system and/or the equipment. 
The supply passage is connected to the transportation 
system, Whereas the recycling passage is connected to the 
storage such that the clean dry air used in the transportation 
system and that in the storage are recycled to the storage. 

15 Claims, 3 Drawing Sheets 
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SYSTEM AND METHOD FOR PRODUCING 
AND SUPPLYING HIGHLY CLEAN DRY AIR 

TECHNICAL FIELD 

The present invention relates to a system and a process for 
producing clean dry air, more particularly to a system and a 
process for producing and supplying clean dry air to be 
employed for environmental control in various steps includ 
ing storage, transportation and treatment of boards in the 
industrial processes including semiconductor integrated cir 
cuit manufacturing process, high-density magnetic disc 
manufacturing process, liquid crystal panel manufacturing 
process and solar cell panel manufacturing process. 

BACKGROUND ART 

Products including semiconductor devices, active matrix 
liquid crystal panels, solar cell panels and magnetic discs are 
fabricated by building up successively prescribed thin ?lms 
on the clean surfaces of boards such as of silicone and glass. 
Manufacture of each product requires extremely high 
accuracy, and presence of any impurity even in a trace 
amount adhered or adsorbed on the board surface makes it 
dif?cult to give a high-quality product. MeanWhile, the 
boards can be electri?ed during transportation or storage or 
through various treatments to be liable to attract impurities 
contained in the ambient air and have them deposited 
thereon. 

For example, if a board under manufacture has any 
moisture adsorbed on the surface thereof as an impurity, the 
moisture is causative of troubles in the manufacturing pro 
cess. Further, if the amount of the adsorbed Water is great 
and if the ambient air contains oxygen, a native oxide ?lm 
is formed on the surface of the board to hinder formation of 
prescribed thin ?lms thereon. MeanWhile, presence of any 
moisture on the surface of an insulating ?lm such as of SiNx 
in a process for manufacturing thin ?lm transistors (TFT) to 
be employed in liquid crystal panels prevents formation of 
an amorphous silicon (a-Si) ?lm With a uniform thickness 
and accuracy. 

In a step of forming a gate oxide ?lm in the process for 
manufacturing integrated circuits (IC), if any moisture is 
present on the surface of n-portion or p-portion, an SiOx ?lm 
is formed at the interface betWeen SiO2 and Si, preventing 
the MOS transistor from functioning as a sWitch. 
Simultaneously, if any moisture is present on the surface of 
a capacitor, an SiOx ?lm is formed at the interface thereof to 
prevent charging against a capacitor electrode, and the 
capacitor fails to function as a storage element. 

Furthermore, in a Wiring step, While a TiN ?lm is formed 
for preventing spiking to be caused by tungsten silicide 
before formation of a tungsten ?lm, presence of any 
moisture on the board surface causes troubles including drop 
in the adhesion of the TiN ?lm. In addition, if heat treatment 
and the like is carried out in the presence of impurities other 
than moisture, e.g., in the presence of CO or CO2, the carbon 
reacts on the surface of the board (Si) With the silicon to 
form an SiC ?lm, causing troubles in the performance 
characteristics of the device. 

Various kinds of equipment employed for manufacturing 
products including semiconductor integrated circuits are 
generally installed in a particle-free clean room. Since 
boards used for manufacturing such products must undergo 
many treatment steps, they are carried from one treatment 
step to another treatment step by a transportation system. 
Since this system is also located in the clean room, the 
boards under transportation are exposed to the air in the 
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clean room (clean room air). The transportation system is 
provided With a conveyor for transporting boards and a 
storage for storing the boards temporarily. The storage 
further contains a carriage for moving the boards inside. 
The inside of the clean room is usually maintained at a 

temperature of 20 to 25° C. and at a relative humidity of 
50%, and large amounts of impurity gases are present, 
although particles are removed. Accordingly, the impurities 
present in the clean room air are adsorbed on the surface of 
the boards. For example, moisture is adsorbed at once on the 
surfaces of boards. It is actually dif?cult to remove moisture 
in the clean room completely so as to prevent such moisture 
adsorption. 
Under such circumstances, Japanese Unexamined Patent 

Publication No. Hei 10-163288 discloses a transportation 
robot. This robot carries boards in a pocket charged With dry 
nitrogen or synthesiZed air from one treatment step to the 
next treatment step. According to this technique, boards are 
prevented fully from being brought into contact With the 
clean room air during transportation from the transportation 
system to a treating equipment or equipment. MeanWhile, 
Japanese Unexamined Patent Publication No. Hei 5-211225 
discloses a system in Which equipments are connected With 
tunnels purged With an inert gas such as nitrogen gas, and 
boards are transported in the inert gas tunnels. According to 
this system, boards can be transported Without exposure to 
the ambient air, and the boards can be transported utiliZing 
the How of the inert gas. Further, Japanese Unexamined 
Patent Publication No. Hei 8-191093 discloses a concept as 
an improvement of the above system, in Which the nitrogen 
gas ?oWed through the inert gas tunnel is introduced to a 
cryogenic separation type nitrogen generator for reutiliZa 
tion therein. Further, WO 97-24760A1 discloses a transpor 
tation method utiliZing a mixed gas of an inert gas and 
oxygen as security countermeasures. 

Here, clean dry air produced according to the conven 
tional method is obtained by pressuriZing the ambient air 
used as a raW material by an air compressor to a predeter 
mined pressure before introduction to a catalytic puri?cation 
unit and an adsorptive puri?cation unit. Accordingly, the 
unit cost of producing the clean dry air is expensive com 
pared With that of the conventional clean room air. On the 
other hand, there is required a huge quantity of clean air for 
transportation or storage of boards. For example, in the case 
Where 8-inch Si boards are treated 1000 pcs/day in a 
semiconductor integrated circuit manufacturing plant, the 
quantity of clean air used therefor amounts of about 2,000, 
000 m3/h. 

Therefore, it is a great economic load to use large amounts 
of expensive clean dry air. Further, the cost of the plant for 
producing such amount of clean dry air amounts to several 
tens of billion yen per plant, so that it is actually dif?cult to 
construct such a scale of plant. In order to reduce the scale 
of the plant, While there is considered reutiliZation of the 
used clean dry air, this requires a recycling fan Which can 
circulate a huge amount of used clean dry air and Which does 
not cause pollution of air and a material of the recycling 
passage Which forms no contaminant. 

HoWever, use of a recycling fan requires poWer for 
driving it, leading elevation in the cost for achieving recy 
cling of air. In addition, the recycling fan is difficult to 
achieve recycling of air Without causing air pollution since 
it employs oil for lubrication of bearings in many cases. 

Further, if pipes made of galvaniZed steel plates are used 
as the recycling passage for the used clean dry air, it can 
happen that oxygen contained in the recycling air reacts With 
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hydrogen diffusing from the inside of the galvanized steel 
plates to form moisture on the inner surfaces of the pipes. 
Accordingly, it is necessary to install additionally an impu 
rity removing apparatus in order to remove contaminants 
occurring from the recycling fan or the piping material of the 
recycling passage. 

Further, in case of any trouble occurred in the clean dry 
air producing plant, the plant itself is held up, so that a great 
investment should be made in backup equipment. 
MeanWhile, in clean dry air-consuming equipments, since 
large amounts of clean dry air have been introduced thereto 
With almost no consideration of the concentrations of impu 
rities contained in the clean dry air, ambient control cannot 
be achieved effectively, and the clean dry air is consumed 
Wastefully. 

DISCLOSURE OF THE INVENTION 

It is an objective of the present invention to provide a 
system and a process for producing and supplying clean dry 
air, Which can produce and supply clean dry air to be 
employed for environmental control in storage, transporta 
tion and treatments of boards in the industrial process 
including semiconductor, integrated circuit manufacturing 
process, high-density magnetic disc manufacturing process, 
liquid-crystal panel manufacturing process and solar cell 
panel manufacturing process, more inexpensively using a 
smaller production plant and Which can also recycle the 
clean dry air effectively While can also recycle the clean dry 
air effectively While eliminating static electricity from the 
boards. 

The clean dry air producing and supplying system of the 
present invention produces clean dry air in a clean dry air 
producing apparatus provided With an air compressor, a 
catalytic puri?cation unit, an adsorptive puri?cation unit, 
etc. and supplies the thus produced clean dry air to a clean 
room, for example, in a semiconductor, high-density record 
ing medium or liquid crystal manufacturing plant. The 
system is located in a clean room containing a transportation 
system having a storage, a conveyor, etc., and an equipment; 
a supply passage for supplying the clean dry air to the 
transportation system and/or the equipment; and a recycling 
passage for recycling the clean dry air used in the transpor 
tation system and/or the equipment to the transportation 
system and/or the equipment. 

The supply passage is connected to the transportation 
system, and the recycling passage is connected to the storage 
so as to recycle the clean dry air used in the transportation 
system. 

Aboosting equipment is interposed betWeen the air com 
pressor and the catalytic puri?cation unit. The boosting 
equipment contains an expansion turbine for expanding the 
clean dry air WithdraWn from the adsorptive puri?cation unit 
and a booster for boosting further the pressure of a raW air 
With the poWer generated by the expansion turbine. The 
piping of the recycling passage is made of an aluminum 
alloy. 

The clean dry air producing and supplying system is also 
provided With a used clean dry air recycling apparatus clean 
dry air, being located on the supply passage; and a recycling 
fan located on the recycling passage, the fan being driven by 
the poWer generated by the expansion turbine. The expan 
sion turbine and the recycling fan are connected coaxially. 
The supply passage and/or the recycling passage is provided 
With a soft X-ray irradiation electrostatic eliminator. 

The clean dry air producing apparatus is installed for a 
plurality of transportation systems and a plurality of equip 
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ments. MeanWhile, tWo or more clean dry air producing 
apparatuses can be installed per clean room. In the case 
Where the clean dry air producing and supplying system 
contains a plurality of clean dry air producing apparatuses, 
passages for bleeding clean dry air from the clean dry air 
producing apparatuses respectively can be connected to the 
supply passage. 
The transportation system is provided With an airlock 

chamber and a board introducing chamber. The board intro 
ducing chamber has a passage for introducing the used clean 
dry air and a passage for exhausting the clean dry air used 
in the chamber. The equipment is covered entirely With a 
partition Which is provided With a passage for supplying the 
clean dry air into it. 
The clean dry air producing and supplying process 

according to the present invention is to supply a clean dry air 
produced through a raW air compressing step, a catalytic 
puri?cation step, an adsorptive puri?cation step, etc. to a 
clean room, for example, in a semiconductor, high-density 
recording medium, liquid crystal manufacturing plant and 
the like. The clean dry air is supplied to a transportation 
system and/or an equipment both located in the clean room, 
the transportation system having a storage, a conveyor, etc., 
and also the clean dry air used in the transportation system 
and/or the equipment is recycled to the transportation system 
and/or the equipment. 

Further, the raW air subjected to the raW air compression 
step is boosted to a pressure higher than the pressure of the 
air to be supplied to the transportation system or the equip 
ment utiliZing the poWer generated by expanding the clean 
dry air WithdraWn from the adsorptive puri?cation step, and 
then the resulting raW air is introduced into the catalytic 
puri?cation step. The used clean dry air is recycled utiliZing 
the poWer be generated by expanding the clean dry air to be 
supplied to the transportation system or the equipment. 

According to the present invention, the used clean dry air 
can be recycled With no external driving energy, neither 
requiring an extra cost nor causing contamination of the 
clean dry air. Besides, since static electricity can be elimi 
nated from boards ef?ciently by irradiation of a soft X-ray 
even When they are maintained in a dry atmosphere, elec 
trostatic breakdoWn of boards can be prevented. 

It is also possible to make effective environmental control 
for boards by utiliZing the used clean dry air having an 
increased moisture concentration for recycling. Thus, the 
amount of the used clean dry air to be recycled can be 
increased, contributing to doWnsiZing of the clean dry air 
producing apparatus. 

Further, the start-up time of the equipment can be reduced 
by utiliZing a part of the used clean dry air for the mainte 
nance treatment of the equipment, and the baking treatment 
required before the equipment is started becomes unneces 
sary. 

In addition, since the raW air can be boosted by the 
boosting equipment disposed in the clean dry air producing 
apparatus, the clean dry air producing apparatus can be 
doWnsiZed, leading to reduction in the initial cost and the 
footprint. Further, since the consumption of energy in the air 
compressor becomes small, the clean dry air can be supplied 
more inexpensively. MeanWhile, if one of the clean dry air 
producing apparatuses comes to have reduced producing 
ability or stops, this constitution can prevent drop in the rate 
of operation in the equipment using the clean dry air or the 
equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a system diagram shoWing the clean dry air 
producing and supplying system according to one embodi 
ment of the present invention; 
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FIG. 2 is an explanatory drawing for explaining the How 
of air in the transportation system and the equipment; and 

FIG. 3 is a schematic system diagram shoWing an embodi 
ment Where tWo clean dry air producing and supplying 
apparatuses are installed. 

Best Mode for Carrying out the Invention 

The clean dry air producing and supplying system accord 
ing to one embodiment of the present invention Will be 
described referring to FIGS. 1 and 2. 

This clean dry air producing and supplying system con 
tains a clean dry air producing apparatus 1; a transportation 
system 2 and an equipment 3 located in a clean room 9; a 
supply passage 4 for supplying clean dry air-produced in the 
clean dry air producing apparatus 1 to the transportation 
system 2; a used clean dry air recycling apparatus 5 for 
recycling the clean dry air used in the transportation system 
2 and exhausted therefrom to the transportation system 2; 
and a recycling passage 6 containing the recycling apparatus 
5. 

The clean dry air producing apparatus 1 contains an air 
?lter 10 for removing dust contained in raW air, an air 
compressor 11 for compressing the raW air to a predeter 
mined pressure, a heat exchanger 12 for recovering heat, a 
heater 13 for heating the raW air to a catalytic reaction 
temperature, a catalytic puri?cation unit 14 for converting 
hydrogen, carbon monoxide and hydrocarbons contained in 
the raW air to Water and carbon dioxide by catalytic 
reactions, a pre-cooling unit 15 for cooling the raW air to an 
adsorptive puri?cation temperature, an adsorptive puri?ca 
tion unit 16 for adsorbing and removing carbon dioxide and 
Water contained in the raW air using an adsorbent and a 
regeneration heater 17 for heating a gas for regenerating the 
adsorbent packed in the adsorptive puri?cation unit 16. 
Here, the catalytic puri?cation unit 14 and the adsorptive 
puri?cation unit 16 may be integrated into a single container 
packed both With a catalyst and an adsorbent. 

While the embodiment shoWn in FIG. 1 is of the case 
Where tWo units 7 each containing the transportation system 
2, the equipment 3 and the used clean dry air recycling 
apparatus 5 are installed for one clean dry air producing and 
supplying apparatus 1, the number of the unit 7 is decided 
depending on the How rate of clean dry air to be supplied, 
and more than tWo units 7 may be installed. 

Further, in the embodiment of FIG. 1, the pressure of the 
raW air is adapted to be boosted by a boosting equipment 8 
utiliZing the poWer to be generated by expanding the clean 
dry air so as to reduce the load to be applied to the air 
compressor 11. 

It should be noted here that the embodiment of FIG. 1 is 
of the constitution Where the clean dry air produced in the 
clean dry air producing apparatus 1 is supplied partly to a 
cryogenic separation type nitrogen generator 90 so as to 
produce nitrogen employed frequently in the semiconductor 
producing process. While a compressor 91 is disposed on the 
upstream side of the cryogenic separation type nitrogen 
generator 90, it may be omitted if the outlet pressure of the 
adsorptive puri?cation unit 16 is sufficiently high. Further, 
the cryogenic separation type nitrogen generator may be 
installed as necessary and can be omitted. 

Next, the How of the clean dry air produced in the clean 
dry air producing apparatus 1 and supplied to the unit 7 and 
also the How of the used clean dry air to be recycled to the 
unit 7 Will be described more speci?cally. 

The raW air from Which dust is removed by the air ?lter 
10 is pressuriZed by the air compressor 11 to a predeter 
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6 
mined pressure, for example, to 0.30 MPa and then intro 
duced to the boosting equipment 8. As the compressor 11, a 
turbo compressor or a screW compressor can be employed 
suitably so long as it has a How rate of 1500 to 20000 Nm3/h 
(Nm3 means the volume in the standard state (0° C., 1 atm)). 
The boosting equipment 8 boosts the pressure of the raW 

air utiliZing the pressure of the clean dry air raW air utiliZing 
the pressure of the clean dry air supplied from the adsorptive 
puri?cation unit 16, and may be of a coaxial structure having 
an expansion turbine 81 for expanding the clean dry air and 
a booster 82 for boosting the pressure of the raW air 
connected to each other by a common shaft 83. Further, in 
this embodiment, While a part of the clean dry air is utiliZed 
for lubrication of the shaft 83, the lubrication method may 
be of dynamic pressure or of static pressure. Incidentally, 
there occurs no leakage of the raW air from the mechanism 
into the clean dry air in any of these lubrication methods. In 
the boosting equipment 8, pressure of the raW air is boosted, 
for example, to 0.46 MPa. 

The raW air boosted in the boosting equipment 8 is 
preheated in the heat exchanger 12, heated by the heater 13 
and then introduced to the catalytic puri?cation unit 14. The 
temperature to Which the raW air is to be heated by the heater 
13 varies depending on the impurity contents to be removed 
in the catalytic puri?cation unit 14. For example, in the case 
Where hydrogen, carbon monoxide or a hydrocarbon is to be 
reacted, the raW air is heated to a temperature ranging from 
the ambient temperature to about 190° C.; and in the case 
Where methane is to be reacted, the raW air is heated to about 
350° C. The catalyst to be employed in the catalytic puri 
?cation unit 14 includes preferably a noble metal such as Ni, 
Pt and Pd, a heavy metal such as Fe and Cr or an alloy 
thereof. 
The Water and carbon dioxide formed in the catalytic 

puri?cation unit 14 are introduced together With the raW air 
to the adsorptive puri?cation unit 16 through the heat 
exchanger 12 and the pre-cooling unit 15. Here, the raW air 
is cooled in the heat exchanger 12 and is further cooled to 
5° C. to ambient temperature in the pre-cooling unit 15. 
Thus, the moisture in the raW air can be drained off, and the 
Water content to be introduced to the adsorptive puri?cation 
unit 16 can be educed. Incidentally, the cooling temperature 
may be decided depending on the capacity of the pre-cooling 
unit 15, and the means for cooling the raW air is not to be 
limited so long as the raW air can be cooled to the above 
temperature range. 
The raW air cooled by the pre-cooling unit 15 is intro 

duced into the adsorptive puri?cation unit 16 packed With an 
adsorbent such as silica gel, alumina and Zeolite or a mixture 
thereof, Where the moisture and carbon dioxide are removed 
from the raW air each to 10 ppb or less, and thus the raW air 
is converted to clean dry air. When impurity contents are to 
be removed according to such adsorption method, since 
desorption of the impurities adsorbed by the adsorbent must 
be carried out, the adsorptive puri?cation unit 16 is usually 
composed essentially of tWo or more vessels and are oper 
ated interchangeably. That is, When one vessel is carrying 
out an operation of adsorbing impurities, the other vessel 
carries out regeneration of the adsorbent. 

For the regeneration, While a part of the heated self 
puri?ed air or the clean dry air diverged from the supply 
passage 4 into a passage 41 is generally employed, it is also 
possible to use an exhaust gas free from moisture and carbon 
dioxide from other processes, for example, an exhaust gas 
WithdraWn from a cryogenic separation type nitrogen gen 
erator 90 to a passage 92 as indicated by the broken line in 
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FIG. 1. While the regeneration temperature of the adsorbent 
is usually 100 to 300° C., it is not limited to the above range 
and can be decided depending on the regeneration period 
and the quantity of the regeneration gas. 

MeanWhile, the piping through Which the clean dry air 
?oWs from the adsorptive puri?cation unit 16 and through 
the boosting equipment 8 to the used clean dry air recycling 
apparatus 5 is preferably of stainless steel pipes having 
mirror-polished inner surfaces obtained by electrolytic pol 
ishing treatment or aluminum alloy pipes having oxide ?lms 
formed thereon by anodiZation, electrolytic polishing and 
pure Water-Washing treatment. 

The clean dry air from Which impurity contents Were 
removed in the adsorptive puri?cation unit 16 is introduced 
to the expansion turbine 81 of the boosting equipment 8 and 
is expanded there, and after the expanded air is utiliZed as 
the poWer for boosting the raW air, it is diverged from the 
supply passage 4 into a branch passage 42 to be supplied 
through the used clean dry air recycling apparatus 5 into the 
unit 7 and is also diverged into a branch passage 43 to be 
supplied to the clean room 9. 

Here, the inlet pressure of the boosting equipment 8 is, for 
example, 0.46 MPa, and the outlet pressure of the expansion 
turbine 81 is, for example, 0.15 MPa. In order to prevent 
entry of impurities from the ambient air, the external leakage 
from the expansion turbine 81 should be desirably 1x10“9 
Torr-L/s or less, particularly 1x10‘11 Torr~L/s or less. 

Next, the used clean dry air recycling apparatus 5 Will be 
described. This recycling apparatus 5 recycles the used clean 
dry air to the unit 7 utiliZing the pressure of the clean dry air, 
and, for example, a coaxial type having an expansion turbine 
51 for expanding the clean dry air and a recycling fan 52 
connected to a common shaft 53 can be employed as the 
apparatus 5. The dynamic pressure or static pressure lubri 
cation utiliZing a part of the clean dry air is utiliZed for 
lubrication of the shaft 53. In any of these lubrication 
methods, there occurs no problem if the clean dry air used 
for lubrication migrates into the clean dry air supplied from 
the clean dry air producing apparatus 1 so long as the 
impurity concentration in the used clean dry air is 100 ppb 
or less. 

Here, in order to prevent migration of impurities from the 
ambient air, the external leakage from the recycling appa 
ratus 5 should be 1x10“9 Torr-L/s or less, desirably 1x10“11 
Torr-L/s or less. Incidentally, the expansion turbine 51 and 
the fan 52 need not be connected coaxially but may be of a 
structure containing a speed change gear, or the expansion 
turbine 51 may be provided With a supplemental drive 
motor. HoWever, in the case Where the expansion turbine 51 
is provided With the supplemental drive motor, the drive 
shaft of the motor is desirably purged With the clean dry air 
or the used clean dry air. The recycling apparatuses 5 may 
be arranged in series to effect stepWise reduction to a 
predetermined pressure. 

The transportation system 2 Which uses the clean dry air 
contains a board introducing chamber 20, an airlock cham 
ber 21, a storage 22 having a carriage, and a conveyor 23. 
The equipment 3 is located adjacent to the conveyor 23. 
Gate valves (not shoWn) having excellent airtightness are 
interposed betWeen the storage 22 and the board introducing 
chamber 20, the airlock chamber 21 and the conveyor 23, 
and betWeen the conveyor 23 and the equipment 3 
respectively, and boards travel through these gate valves 
among these chambers and equipments. 

Materials employable for forming the board introducing 
chamber 20, the airlock chamber 21, the storage 22, the 
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8 
conveyor 23, the equipment 3 and the recycling passage 6 
include suitably aluminum alloys and stainless steel, and the 
external leakage from them should be 1x10“9 Torr-L/s or 
less, desirably 1x10“11 Torr-L/s or less. Particularly, alumi 
num alloys are useful for achieving Weight reduction, and 
those having oxide ?lms are preferred. 
As shoWn in FIG. 2, boards 24 are stored in a board case 

25 (25 pcs/case) and are carried as such into the board 
introducing chamber 20 Where the moisture, hydrocarbons, 
etc. adsorbed on the surface of each board are eliminated 
using clean dry air, and the resulting boards are carried by 
the carriage into the storage 22 to be stored therein tempo 
rarily. Incidentally, the storage 22 may serve also as the 
board introducing chamber 20. 

The board case 25 in the storage 22 are transferred by the 
carriage to the conveyor 23, and the conveyor 23 picks up 
the boards 24 one by one from the board case 25 and carries 
them into the equipment 3. Each board 24 is subjected to a 
predetermined treatment in the equipment 3. A plurality of 
conveyors 23 and a plurality of equipments 3 may be 
installed per storage 22. 
The board 24 subjected to a predetermined treatment is 

returned from the equipment 3 through the conveyor 23 to 
the storage 22 and is carried out by the carriage into the 
airlock chamber 21. Since the airlock chamber 21 is isolated 
by the storage 22 or the carriage and the gate valve, the clean 
dry air used in the storage 22 is not exhausted therefrom in 
a large amount to the outside of the system. 

The clean dry air in the transportation system 2 and that 
in the equipment 3 are recycled as folloWs. The clean dry air 
produced in the clean dry air producing apparatus 1 is 
introduced through the branch passage 42 to the expansion 
turbine 51 of the used clean dry air recycling apparatus 5 and 
is depressuriZed there to a predetermined pressure, for 
example, to 160 mmAq. 
The thus depressuriZed clean dry air is introduced through 

a passage 44 to the conveyor 23, Where it is used for ambient 
control of the conveyor 23 and then exhausted to a passage 
61. The thus exhausted used clean dry air is combined With 
the used clean dry air WithdraWn from the storage 22 into a 
passage 62, and the combined air is introduced through the 
recycling passage 6 into the fan 52 of the recycling apparatus 
5. 

The used clean dry air boosted by the fan 52 to a 
predetermined pressure, for example, to 160 mmAq, ?oWs 
not through the passage for the clean dry air but through 
another passage 63 and is introduced, for example, to the 
storage 22 Where it is used for ambient control. The greatest 
part of the used clean dry air is fed from the passage 62, 
again through the recycling system, to the recycling appa 
ratus 5. The used clean dry air in the passage 62 is partly fed 
through a valve 64 and a passage 65 into the board intro 
ducing chamber 20, Where it is used for purging of another 
board 24 carried into it, and then exhausted from a passage 
66 to the outside of the system. Recycling of the used clean 
dry air is not particularly limited to this embodiment but can 
be carried out by supplying the used clean dry air to the 
transportation equipment 2 and/or the equipment 3 and by 
recycling the used clean dry air exhausted from the trans 
portation equipment 2 and/or the equipment 3 to the trans 
portation equipment 2 and/or the equipment 3. 

Further, the supply passage 4 and the recycling passage 6 
are provided With soft X-ray irradiation electrostatic elimi 
nators 67 at suitable positions respectively. To describe 
brie?y the principle of this soft X-ray irradiation electro 
static eliminator, electromagnetic Waves in the X-ray region 
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can be obtained by irradiating an electron beam having a 
predetermined energy upon a speci?c substance (e.g., 
tungsten). While the Wavelength of the X-ray to be gener 
ated depends on the target upon Which the electron beam is 
irradiated, a soft X-ray in the Wavelength range of 0.1 to 10 
nm is preferably used. It is further preferred to use, as the 
electromagnetic Waves in the X-ray region, those generated 
by impingement of electron beams accelerated to 4 kV or 
more against a target With a target voltage (acceleration 
voltage) of 4 kV or higher. It is further preferred to use 
electromagnetic Waves generated under a target current of 
60 pA or more. 

Gas molecules and atoms adsorbs electromagnetic Waves 
in the X-ray region to be ioniZed directly. Since the ioniZa 
tion energy of the gas molecules and that of atoms are at 
most about 20 eV, this is one several hundredths of the 
photon energy in the X-ray region. Accordingly, one photon 
can achieve ioniZation of a plurality of atoms and molecules 
or formation of ions having a valence of 2 or more, and it can 
also form a large amount of ion pairs. Thus, the period for 
static elimination can be reduced to several seconds or less. 
Further, by adjusting the concentration of ion pairs to be 
formed Within 105 to 106 ion pairs/cm3, the ion life can be 
extended to 10—1000 sec. Since the ion life is relatively long 
as described above, static electricity can fully be neutraliZed 
by locating the soft X-ray irradiation electrostatic eliminator 
67 on the upstream side of boards statically electri?ed, i.e., 
on the passage 63. 

Further, in the case Where the soft X-ray irradiation 
electrostatic eliminator 67 is attached to the recycling pas 
sage 6, it is not preferred to insert the target metal into the 
passage, so that a soft X-ray is irradiated through a poly 
imide WindoW, and thus the system is free from absorption 
of soft X-ray and from contamination of clean dry air. 

Here, the sites Where the soft X-ray irradiation electro 
static eliminators 67 are to be installed may be decided 
depending on the ion life, the length of the recycling passage 
6, How rate of the used clean dry air, etc., and they may be 
located on the upstream side or doWnstream side of the 
recycling apparatus 5. 

In the case Where a reactor 31 in the equipment 3 is to be 
opened for the maintenance thereof, the used clean dry air is 
introduced through a passage 33 having a valve 32 into a 
partition 34 covering the equipment 3 and is exhausted With 
a pump 35. Thus, impurity contents including moisture to be 
adsorbed in the reactor When maintenance of the reactor 31 
is to be carried out can be reduced to shorten the start-up 
time of the equipment 3. Incidentally, the passage 33 may be 
connected to any part of the recycling system, and may be 
connected to the passage 42 or 44 for supplying the clean dry 
air. In addition, the number of the passage 33 can be decided 
as necessary. 

Further, in this embodiment, While the clean dry air 
subjected to expansion in the boosting equipment 8 to have 
a reduced pressure is supplied from the clean dry air 
producing apparatus 1 to the recycling apparatus 5, the 
high-pressure clean dry air WithdraWn from the adsorptive 
puri?cation unit 16 Without going through the boosting 
equipment 8 can be introduced directly to the apparatus 5. 

Next, FIG. 3 is a schematic system diagram shoWing an 
embodiment Where a plurality of clean dry air producing 
apparatuses 1 are installed. It should be noted here that the 
same or like constituents as in the foregoing embodiment are 
af?xed With the same reference numbers respectively, and 
detailed description of them Will be omitted. 

In this embodiment, tWo clean dry air producing appara 
tuses 1 are connected to four units 7 located in a clean room 
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9 via a supply passage 4. That is, passages 45 for bleeding 
the clean dry air from the clean dry air producing appara 
tuses 1 respectively are connected to the loop supply passage 
4, and four branch passages 42 branching out from the 
supply passage 4 are connected to recycling apparatuses 5 of 
the units 7 respectively. 

Since a plurality of clean dry air producing apparatuses 1 
are connected With a plurality of recycling apparatuses 5 via 
the supply passage 4 as described above, for example, if one 
of the clean dry air producing apparatuses 1 comes to have 
reduced producing ability or stops, it can be backed up 
readily by the other apparatuses 1, causing no signi?cant 
drop in the rate of operation in the equipment using the clean 
dry air. Incidentally, While the embodiment shoWn in FIG. 3 
is of the case Where tWo clean dry air producing apparatuses 
are installed, the number of the apparatus 1 is not to be 
limited so long as it is plural. MeanWhile, a loop supply 
system is exempli?ed, the supply system may be linear. 
Further, the above constitution can be applied analogously to 
the case Where there are a plurality of clean rooms. 

EXAMPLE 

Clean dry air Was produced using the system of the 
embodiment shoWn in FIG. 1 to con?rm its impurity 
concentration, equipment cost and unit cost. The clean dry 
air Was produced at a rate of 4000 Nm3/h. The boosting 
pressure in the compressor Was 0.30 MPa. The pressure of 
the air Was boosted by the booster 82 of the boosting 
equipment 8 to 0.46 MPa, and the air Was passed through the 
catalytic puri?cation unit 14 and the adsorptive puri?cation 
unit 16 and then introduced to the expansion turbine 81 of 
the boosting equipment 8 to effect depressuriZation to 0.15 
MPa. Concentrations of moisture, carbon monoxide, carbon 
dioxide and hydrogen contained in the clean dry air pro 
duced Were determined respectively, and the results are 
shoWn beloW. Here, the results of determination are shoWn 
in terms of mean values When each impurity Was measured 
every 15 minutes over 70000 minutes respectively. 

Impurity Concentration [ppb] 

Moisture 2.6 
Carbon monoxide 5.1 
Carbon dioxide 2.9 
Hydrogen 1.3 

Further, comparison Was made betWeen the case Where 
the boosting equipment 8 Was employed and the case Where 
it Was not employed in terms of equipment cost and footprint 
to obtain ratios provided that the equipment cost and the 
footprint of the latter case using no boosting equipment 8 are 
each 1. The results are as folloWs. 

Boosting Equipment 
equipment cost Footprint 

Present 0.65 0.50 
Absent 1 1 

Further, production costs Were calculated from the energy 
required for producing 1 Nm3 of clean dry air in these tWo 
cases and Were compared. It should be noted here that the 
depreciation expense of the clean dry air producing appa 
ratus itself Was excluded in each case. As a result, the 
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production cost in the presence of the boosting equipment 8 
dropped to about 50% of that in the absence of the equip 
ment 8. 

Next, effect of the used clean dry air recycling apparatus 
5 Was con?rmed. The quantity of the gas to be recycled 
When the 120 mmAq used clean dry air Was boosted to 160 
mmAq for recycling Was measured in a coaxial recycling 
apparatus 5 having an expansion turbine 51 capable of 
supplying clean dry air at a rate of 1800 Nm3/h and under a 
pressure of 0.15 MPa and a recycling fan 52. The result the 
measurement shoWed that the quantity of the recycling gas 
Was 2000 Nm3/h. That is, it Was found that the apparatus 5 
can recycle 2000 Nm3/h of the used clean dry air using no 
extra energy. MeanWhile, operation of the recycling appa 
ratus 5 incorporated With a speed change gear gave a 
recycling gas quantity of about 86500 Nm3/h under the 
above conditions. 

Further, the concentration of moisture contained in the 
clean dry air Was measured at each section of the transpor 
tation system 2. In order to test ?rst the overall performance 
of the transportation system 2, clean dry air Was introduced 
to the recycling apparatus 5 at a rate of 1800 Nm3/h, and the 
moisture concentration Was measured in the absence of 
boards. Next, the moisture concentration Was measured in 
the presence of boards. As the boards 24, 8-inch Si boards 
Were used. The Si boards Were fed to the board introducing 
chamber 20 lot by lot (25 pcs/lot) every 15 minutes, stored 
in the storage 22 for one hour and then carried out through 
the airlock chamber 21. Incidentally, the conveyor 23 carried 
100 pcs. of boards per hour. 
The moisture concentration in the clean dry air supplied 

from the clean dry air producing apparatus 1 into the branch 
passage 42 Was 3 ppb. The moisture concentration in the 
passage 44 and that in the passage 61 Were 3 ppb and 3.5 ppb 
respectively. MeanWhile, the moisture concentration at the 
inlet of the recycling apparatus in the recycling passage 6 
Was increased to 200 ppb, and the moisture concentration in 
the passage 62 Was also 200 ppb. 

It is considered that these results Were brought about by 
the piping made of galvaniZed steel plates or a synthetic 
resin used as the recycling passage 6. Therefore, aluminum 
alloy piping Was used as the recycling passage 6 to measure 
the moisture concentration again, and the moisture concen 
tration in the passage 43 and that in the passage 61 Were 
found to be 3 ppb and 3.5 ppb respectively, Which Were the 
same values as those before replacement of the pipes. Both 
the moisture concentration at the inlet of the recycling 
apparatus in the recycling passage 6 and that in the passage 
62 Were 4 ppb. The gas to be released and diffused from the 
inner Wall of the piping can be reduced by changing the 
material of the recycling passage 6 to an aluminum alloy, 
and the clean dry air can be recycled Without contamination 
of it. 

Next, the moisture concentration Was measured at each 
section of the transportation system 2 in the presence of 
boards. As a result, the moisture concentrations in the 
passages 42, 43 and 61 Were the same as described above 
respectively. The moisture concentration at the inlet of the 
recycling apparatus 5 in the recycling passage 6 Was 48 ppb, 
and those in the passage 62 and 66 Were 53 ppb and 400 ppb 
respectively. It Was thus found that the moisture concentra 
tion Were higher in the folloWing order: transportation 
system (for Which the equipment 3 demands the highest 
cleanliness)<storage 22<board introducing chamber 20. 

Another test shoWed that the amount of moisture adsorbed 
by the board surfaces to migrate into the board introducing 
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12 
chamber 20 is about 0.01 mol/h, and the amount of moisture 
adsorbed in equilibrium on an Si surface subjected to 
hydrogen-termination treatment, an SiO2 surface and an Si 
surface subjected to ?uorine-termination treatment Were 
1><1013 molecules/cm2, 2.6><1014 molecules/cm2 and 3.6x 
1014 molecules/cm2, respectively, When the moisture con 
centration in the gas phase is 100 ppb. The reason Why the 
moisture concentration at the outlet of the board introducing 
chamber 20 is high is, because the moisture is desorbed from 
the board. Accordingly, utiliZation of the used clean dry air 
having a moisture concentration increased to some extent by 
recycling it enables effective control of the ambient for the 
boards. 

Further, a soft X-ray irradiation electrostatic eliminator 67 
employing a polyimide WindoW Was incorporated into the 
passage 63 so as to con?rm the effect of removing static 
electricity from the boards. Speci?cations of the soft X-ray 
irradiation electrostatic eliminator 67 used in this test are as 
folloWs. The electrostatic eliminator 67 has a cylindrical 
shape With a diameter of 10 cm and a length of about 30 cm; 
and the diameter of the piping in the passage 63 is about 60 
cm. Therefore, an opening Was de?ned at some part of the 
piping, and a polyimide WindoW having a diameter of 10 cm 
Was applied to the opening. Then, the inside of the passage 
Was irradiated With a soft-ray through this WindoW. 

Target: tungsten 
Target voltage: 4 kV 
Target current: 60 ,uA 

Boards having a capacitance of 10 pF and an initial 
potential of :3 kV Were employed in this test. The soft X-ray 
irradiation electrostatic eliminator 67 Was located on the 
passage 63 at a distance of 5 m upstream from the storage 
22, and the average ?oW velocity of the clean dry air Was 5 
In As a result, the potential of the boards decreased gradu 
ally after irradiation of the soft X-ray to be as loW as or loWer 
than the limit of measurement (:30 V) of an electrometer. 

Further, the reactor 31 Was opened With the used clean dry 
air being introduced thereto through the passage 33 from the 
top of the partition 34 covering the equipment 3 at a How rate 
of 180 m3/min, and the start-up time Was measured after 
repair of the reactor for one hour. The pressure in the reactor 
31 dropped to 10'8 Pa in about 100 minutes after initiation 
of evacuation thereof under introduction of the clean dry air. 
MeanWhile, When the gaseous components remained in the 
reactor Were measured using a partial pressure vacuum 
gauge, it Was found that the moisture content Was about 10'9 
Pa and that the greatest part of the residual gas Was nitrogen 
gas. 
On the other hand, When the reactor 31 Was repaired under 

no introduction of clean dry air, the pressure dropped to 10-8 
Pa in about 1000 minutes after initiation of evacuation 
thereof. It Was found that the residual moisture content at 
this point Was 5><10_9 Pa and that the greatest part of the 
residual gas Was moisture. As described above, by introduc 
ing clean dry air during maintenance treatment of the 
equipment 3, adsorption of moisture in the reactor can be 
prevented, and not only the start-up time can be reduced to 
1/10 of that in the conventional system but also baking of the 
equipment 3 becomes unnecessary. 
What is claimed is: 
1. A system for producing and supplying a clean dry air 

in a clean dry air producing apparatus equipped essentially 
With an air compressor, a catalytic puri?cation unit and an 
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adsorptive puri?cation unit, and supplying the clean dry air 
into a clean room of a semiconductor, high-density record 
ing medium or liquid crystal manufacturing plant; the sys 
tem comprising: 

a transportation system having a storage, a conveyor, and 
an equipment, Which are located in the clean room; 

a supply passage for supplying the clean dry air to the 
transportation system and/or the equipment; 

a recycling passage for recycling a used clean dry air in 
the transportation system and/or the equipment to the 
transportation system and/or the equipment; and 

a used clean dry air recycling apparatus having a fan 
driving expansion turbine for expanding the clean dry 
air, being located on the supply passage; and a recy 
cling fan located on the recycling passage, the recy 
cling fan being driven by a poWer generated by the 
expansion turbine. 

2. The clean dry air producing and supplying system 
according to claim 1, Wherein the supply passage is con 
nected to the transportation system, and the recycling pas 
sage is connected to the storage so as to recycle the clean dry 
air used in the transportation system. 

3. The clean dry air producing and supplying system 
according to claim 1, Wherein an aluminum alloy piping is 
used as the recycling passage. 

4. The clean dry air producing and supplying system 
according to claim 1, Wherein the expansion turbine and the 
recycling fan are connected coaxially. 

5. The clean dry air producing and supplying system 
according to claim 1, Wherein the clean dry air producing 
apparatus is installed for a plurality of transportation sys 
tems and a plurality of equipments. 

6. The clean dry air producing and supplying system 
according to claim 1, Wherein a plurality of clean dry air 
producing apparatuses are installed per clean room. 

7. The clean dry air producing and supplying system 
according to claim 1, containing a plurality of clean dry air 
producing apparatuses, With passages for exhausting clean 
dry air from the clean dry air producing apparatuses respec 
tively being connected to the supply passage. 

8. The clean dry air producing and supplying system 
according to claim 1, Wherein the transportation system is 
provided With an airlock chamber. 

9. The clean dry air producing and supplying system 
according to claim 1, Wherein the transportation system is 
provided With a board introducing chamber having a passage 
for introducing the used clean dry air and a passage for 
exhausting the clean dry air used in the chamber connected 
thereto. 

10. The clean dry air producing and supplying system 
according to claim 1, Wherein the equipment is covered 
entirely With a partition Which is provided With a passage for 
supplying the clean dry air into it. 

11. A clean dry air producing and supplying process for 
supplying a clean dry air produced through a raW air 
compressing step, a catalytic puri?cation step, an adsorptive 
puri?cation step, etc. to a clean room in a semiconductor, 
high-density recording medium or liquid crystal manufac 
turing plant; the process comprising: supplying the clean dry 
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air to a transportation system and/or an equipment located in 
the clean room, the transportation system having a storage, 
a conveyor, and also recycling the clean dry air used in the 
transportation system and/or the equipment to the transpor 
tation system and/or the equipment. 

12. The clean dry air producing and supplying process 
according to claim 11, Wherein the raW air subjected to the 
raW air compression step is boosted up to a pressure higher 
than the pressure to be supplied to the transportation system 
or the equipment utiliZing a poWer to be generated by 
expanding the clean dry air WithdraWn from the adsorptive 
puri?cation step, folloWed by introduction of the resulting 
raW air into the catalytic puri?cation step. 

13. The clean dry air producing and supplying process 
according to claim 11, Wherein the used clean dry air is 
recycled utiliZing a poWer to be generated by expanding the 
clean dry air to be supplied to the transportation system or 
the equipment. 

14. A system for producing and supplying a clean dry air 
in a clean dry air producing apparatus equipped essentially 
With an air compressor, a catalytic puri?cation unit and an 
adsorptive puri?cation unit, and supplying the clean dry air 
into a clean room of a semiconductor, high-density record 
ing medium or liquid crystal manufacturing plant; the sys 
tem comprising: 

a transportation system having a storage, a conveyor, and 
an equipment, Which are located in the clean room; 

a supply passage for supplying the clean dry air to the 
transportation system and/or the equipment; and 

a recycling passage for recycling a used clean dry air in 
the transportation system and/or the equipment to the 
transportation system and/or the equipment; 

Wherein a boosting equipment is interposed betWeen the 
air compressor and the catalytic puri?cation unit; the 
boosting equipment containing an expansion turbine 
for expanding the clean dry air WithdraWn from the 
adsorptive puri?cation unit and a booster for boosting 
further the pressure of a raW air With a poWer generated 
by the expansion turbine. 

15. A system for producing and supplying a clean dry air 
in a clean dry air producing apparatus equipped essentially 
With an air compressor, a catalytic puri?cation unit and an 
adsorptive puri?cation unit, and supplying the clean dry air 
into a clean room, of a semiconductor, high-density record 
ing medium or liquid crystal manufacturing plant; the sys 
tem comprising: 

a transportation system having a storage, a conveyor, and 
an equipment, Which are located in the clean room; 

a supply passage for supplying the clean dry air to the 
transportation system and/or the equipment; and 

a recycling passage for recycling a used clean dry air in 
the transportation system and/or the equipment to the 
transportation system and/or the equipment; Wherein 
the supply passage and/or the recycling passage is 
provided With a soft X-ray irradiation electrostatic 
eliminator. 


